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ABSTRACT: In the embedded system applications the RISC-ARM architecture is proven to be very much useful by
providing several advantages. The three stage pipeline structure i.e., ARM7 TDMI architecture is the highest sold chip
till now in comparison with all other micro controllers. The ARM7 has become so popular due to its data path design
consisting ALU, Barrel shifters, CPSR register. This architecture allowed optimised assembly language coding for
several applications resulting low power designs. The paper scope includes the study of 3-stage pipeline instruction set
and implementing the ALU. The barrel shifter will be implemented to optionally shift one of the input before going to
the ALU. In this paper, 3-stage data path structure consists of ALU, Barrel shifters, CPSR register unit blocks will be
implemented in VHDL. In the ASIC Digital design the RTL Compiler and SOC Encounter are used for simulation and
synthesis purpose and finally we obtain the GDSII file. This paper uses TSMC 45nm technology libraries for
implementation. RTL Complier tool will be used for functional simulation (RTL SCHEMATICS) and verification of
data path structure. SOC ENCOUNTER tool will be used to synthesize the blocks. This data path structure which can
be used for different applications like Military, Automation and Consumer Electronics.

KEYWORDS: RISC, Three Stage Pipeline Structure, Data path Logic, ALU, Barrel shifter, CRSR register Unit and
ASIC.

I. INTRODUCTION

In olden days performing any operation by using embedded systems includes a tedious process of connecting external
devices and also more expensive [2]. So by using advanced technology we implement them on ASIC that have all the
required devices present in it and are also facilitated with placement, partitioning, routing and finally fabricated on IC,
this simplifies the operation. Today several complex embedded systems require soft processor core on ASIC by which
they perform multiprocessor core based applications at very high speed. The three stage pipeline structure of ARM7
TDMI architecture is very popular and implementing in ALU facilitates the ARM assembly to work on ASIC. To
achevieve better communication services with fast performance [1], less area and low power the 3-stage pipeline
structure is implemented on ASIC.

Il. RELATED WORK

The hardware debugging technology is integrated in ARM processor so that programmers can view what is happening
during execution of code by processor. With this programmers can resolve issues very quickly and reduce time to
market and overall development cost. The 3 stage data path logic structure is not pure RISC architecture because of
various limitations of applications in embedded system. Nowadays Speed is not major constraint but power
consumption and cost effective solutions are also playing vital role. All the 32-bit instructions were implemented with
single cycle data path and random logic based instruction decoder. The instructions of Data processing, Arithmetic,
Branch instructions, Logical and compare were implemented.
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I1l. THREE STAGE RISC PHILOSOPHY

The main feature of three stage pipeline structure is Architectural Simplicity which allows Very Small Implementations
which result in Very Low Power Consumption and it occupies very less area on Silicon die. RISC (Reduced Instruction
Set Computing) philosophy become very popular due to its load/store architecture, large uniform register file, and
Uniform and fixed-length instruction fields and developed by the Advanced RISC machines. High code density is
another major requirement since embedded systems have limited memory due to cost and/or physical size restrictions.
High code density is useful for applications that have limited on-board memory, such as mobile phones and mass
storage devices [3].The three stage pipeline sturcture and internal structure of pipeline logic is shown in the below
figure 1.1 & 1.2.
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Fig: 1.1 Three Stage Pipeline Structure Of Data Path Logic
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Fig: 1.2 Internal Structure Of Three Stage Pipeline Structure Of Data Path Logic

IV. THREE STAGE PROGRAMMING MODEL

The THREE STAGE PIPELINE architecture contains has 37 registers in its register file. In addition to these registers
there will be several other registers inside the processor which will not be visible to the programmer but used by the
processor internally to execute instructions. The current program status register (CPSR) has condition flags and several
other control bits. When the THREE STAGE PIPELINE enters in privileged modes it has access to some special
registers. The pipeline architecture has total 7 modes of operation. They are user, abort, fast interrupt, interrupt request,
supervisor, and system and undefined. Out of all these modes the user mode is non-privileged mode which does not
have write permissions to CPSR. The other six modes are privileged modes. The 7 modes are mentioned below [4].
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User, FIQ (Fast Interrupt Request), IRQ (Interrupt Request), SVC (Supervisor), ABT (Abort), UNDEF (Undefined),
SYS (System).

Exception Mode Priocrity N Address

=

Supervisor
Undefined instruction Undefined
Software interrupt Supervisor
Prefetch Abort Abort
Data Abort Abort

&3
[+
5

Interrupt

WA N

Fast interrupt

Table 1: Exception Types, Sorted By Interrupt Vector Addresses
V. THREE STAGE DATA PATH LOGIC STRUCTURE

The three stage pipeline structure of ARM7 TDMI core has Von Neumann architecture, with a single 32-bit data bus
carrying both instructions and data. Only load, store and swap instructions can access data from memory. As explained,
the ARM architecture consists of the three fundamental blocks. Data Path (ALU, Barrel Shifter, CPSR register),
Controller, ROM. In this project, the crucial part of data path is implemented. The following figure 1.3 shows the

implemented blocks.
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Fig 1.3 Implemented Blocks of Three Stage Data Path Structure

BARREL SHIFTER BLOCK
The data path uses this barrel shifter to shift any data as per the instruction with the given amount of shift given by

controller, if we want to avoid that barrel shifter then just give the signal Bypass_bs, coming from controller. The two
inputs coming are the amount of size and the data, and then result will be Alu_input?2 that is shifted data [1].

Shft_size : Shift amount given by the mux i.e. either Rs, or inst 0 & (11:8) or inst (11:7)

B_bus: Data coming from above mux i.e. Rm or Rn or Mul _I or Mul_H.
Alu_in2 : Result from shifter as input to ALU.
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Fig 1.4 Barrel Shifter

ALUBLOCK

The Data path uses this ALU for all Arithmetic and Logical operations with the signals given by the controller i.e.
Alu_function decides the function to be performed and Bypass_alu decides to use the ALU or just bypass the ALU.
The two inputs Alu_inputl and Alu_input2 are the data for some function coming from various other units in data path.

Alu_inputl, Alu_input2: Data’s coming from Op4 mux and Barrel shifter.

Alu_function: Decides the function.
Bypass_alu: Signal to bypass ALU. Alu_input2

Al innnit1 v l

ALU

le«—— Alu_function

l—— Bypass_alu

Fig 1.5 Arithmetic and Logic Unit

CPSR REGISTER BLOCK

The Data path uses this mux for updating the flag register using the signal coming for the controller i.e. if we have an S
bit in our instruction then controller will give signal. Then this will be updated. N, Z, C, V, Q are the flags for Negation,
Zero, Carry, Overflow, Saturation flags.
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Fig 1.6 CPSR Register

The CPSR is a 32bit register in addition to the 16 general purpose registers. The CPSR has flag and control bits in it.
The following figure illustrates the bit positions of various control or flag bits of CPSR.The CPSR are divided into 4
fields, each of 8 bits size. They are Flag, status, extension and control fields. In the present versions of ARM the status
and extensions field’s bits are reserved for future use. If flag up date option is enabled® then the flag bits will be
changed as described below. Remember that flag bits are only affected when such option is chosen in the instruction;
otherwise flag bits will preserve their old values. N — Negative flag. This bit is set when the 31 bit (most significant bit)
of result is one, otherwise it is reset

Z — Zero flag. This bit set if the result is zero, otherwise it is reset

C - Carry flag. This bit is set when there is a carry out of addition, and no barrow for subtraction, otherwise it is reset

V — Overflow flag. This bit is set when there is overflow in signed arithmetic operations

The | and F bits correspond to interrupt masking and the T bit tells the thumb state (whether the processor is in normal
mode or thumb mode).

The least significant five bits of CPSR indicate the mode in which processor is currently operating. Except in user
mode in all other modes it is possible to write appropriate value in these bits for changing to any other mode. The mode
also can be changed when exception or interrupt occurs.

31 30 20 28 27 g 7T 6 5
H n Processor
Hl2|D|V I|F|T| mode
e o e e
v ~ " "
Flags status Extension Z ortrol

Fig 1.7 32 Bit CPSR Register Format
VI.EXPERIMENTAL RESULTS

In this each module was implemented using RTL COMPILER for functional simulation, SOC ENCOUNTER used for
ASIC synthesis and results are shown in the fig 1.8 and 1.9. In fig 1.8 we can observe the RTL schematics of the blocks
which are implemented. In this schematic, we have all the internal gate level structures which will represent the routing
connections of top level block. By this tool even we can get the worst path delay of timing report of top level block. It
is calculated in the terms of SLACK and the slack should be in positive and measured in terms of pico seconds.
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Fig 1.8 RTL Compiler Simulation Results of 3 — Stage Data path Structure. a) RTL Schematic of ALU, b) RTL
Schematic of Barrel Shifter, ¢c) RTL Schematic of Complete Data path, d) Net power usage of 3-Stage Data path
Structure.
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c)
Total Power
Total Internal Power: 0.03206403 35.1699%
Total Switching Power: 0.05903460 64 .7529%
Total Leakage Power: 0.00007040 0.0772%
Total Power: 0.09116903

Fig 1.9 SOC Encounter Synthesis Results of 3 — Stage Data Path Structure. a) Power plan with add rings & add stripes,
b) 3-stage Data Path structure after placing standard cells, ¢) GDS Il file of complete Data Path, d) Total power usage
of 3-Stage Data Path Structure.

In fig 1.9 we can see the SOC ENCOUNTER, some series of steps. Floor planning defines adding of rings (VDD,
GND) and strips (covering the interior core). Performing the placement (with the help of standard cells), routing
(special route and nano route) which performs all connections between the blocks, defining the clock and checking the
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pre clock synthesis and post clock synthesis reports and finally verifying the geometry conditions and connectivity
conditions and save the file as GDS |1 file which will be given to the industry for IC fabrication.

VII. CONCLUSION

Three stage Data path RISC processor core were implemented in the ASIC based System On Chip applications. All the
32-bit instructions were implemented with single cycle data path and random logic based instruction decoder. The
instructions of Data processing, Arithmetic, Branch instructions, Logical and compare were implemented. The data
path was implemented with ALU, Barrel Shifter. Alternatively the Data path design can also be implemented on recent
ASIC technologies which are presently using in industries for better power usage and to achieve higher speeds. Three
stage Data Path logic structure ARM cores can be extended by 5- stage, 7-stage and 9-stage processors also.
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